INTRODUCTION
The diagnosis of celiac disease (CD) in individuals with symptoms suggestive of malabsorption is based on the finding of characteristic abnormalities of the small bowel mucosa (1) . These intestinal changes and clinical symptoms should improve on a gluten-free diet (GFD) according to criteria formulated by the European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) (2) , North American Society for Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) (3) and American Gastroenterological Association (AGA) (4) . Since the advent of serological celiac markers in the 1970s, numerous screening studies have shown the existence of more or less symptom-free cases of CD, so called silent CD. "The celiac iceberg" has been used as a metaphor for the diagnostic situation with clinically overt CD cases being above the waterline and silent cases forming part of the submerged iceberg (5).
We have previously reported the finding of a significantly different short chain fatty acid (SCFA) profile in fecal samples from children with symptomatic CD compared to healthy controls, reflecting an aberrant gut microflora (6) . The aim of the present study was to study the metabolic function of intestinal microflora in children with screening-detected CD compared to symptomatic CD and healthy controls. We found that the fecal SCFA profile in screening-identified, non-symptomatic individuals with CD was similar to children with symptomatic CD but differed significantly from that in healthy controls.
PATIENTS AND METHODS

Patients
The study was performed in the town of Norrköping, Sweden, between September 2005 and June 2006 as part of a Swedish multicenter CD screening study on 12 year-old schoolchildren (ETICS, Exploring the Iceberg of Celiacs in Sweden) (7) . A total of 1,350 children in Norrköping were invited to take part in the study, of whom 912 delivered serum samples. Eight children had previously diagnosed CD and were excluded from the study. Serum samples were analyzed for anti-human tissue transglutaminase of isotypes IgA and IgG (Celikey ® , Phadia GmbH, Freiburg, Germany) and total serum IgA. All children with increased antibody levels (n=24) had small bowel biopsy performed by capsule or endoscopically. Mucosal specimens were light-microscopically graded according to Marsh (8) . Seventeen children (8 boys, 9 girls; median age 12 years; all born in 1993) had small bowel enteropathy consistent with CD.
Further details on case ascertainment have recently been published (7) .
None of the children in this study had been treated with antibiotics within 3 months prior to fecal sampling. The children delivered fecal samples when they were on a normal gluten-containing diet. The fecal samples were frozen immediately or at least within 20 min of passage, and stored at -20 o C pending analysis.
For comparison we used our previously reported results from SCFA analysis of fecal samples from 36 children (12 boys, 24 girls; median age 4.7 yr, range 0.7 -10 yr) with symptomatic CD at presentation and 42 healthy children (23 boys, 19 girls; median age 3.0 yr, range 0.25 -5.75 yr) (6).
Microflora-associated characteristics
A microflora-associated characteristic (MAC) is defined as the recording of any anatomical structure, physiological, biochemical or immunological function in an organism that has been influenced by the microflora (9) . In the present study we used the fecal SCFA pattern as MAC.
SCFA analyses were performed on fecal samples at the Karolinska Institute, Stockholm, Sweden. The fecal material was homogenized after addition of distilled water containing 3 mmol/L of 2-ethylbutyric acid (=internal standard) and H 2 SO 4 (0.5 mmol/L). A 2 mL sample of the homogenate was vacuum distilled according to the method of Zijlstra et al. (10) , modified by Höverstad et al. (11) . The distillate was analyzed using gas-liquid chromatography and quantitated using internal standardization. Flame ionization detection was employed. The results were expressed in mmol/kg wet weight. The following 6 SCFAs were analyzed: acetic acid; propionic acid; i-butyric acid; n-butyric acid;
i-valeric acid; n-valeric acid; i-caproic acid; and n-caproic acid.
Statistical analysis
Statistical analysis was performed using Student´s t-test with Bonferroni correction. Caproic acid results showed a scewed distribution and were thus tested by the Wilcoxon rank sum test. A p value less than 0.05 was considered significant.
Ethical considerations
The study was approved by the Research Ethics Committees of Umeå University and Linköping University, Sweden.
RESULTS
A fecal sample was obtained from 16 of 17 screening-detected celiac children.
Fecal material was too little to permit analysis in one case. Table 1 presents the results of SCFA analysis of fecal samples from the remaining 15 screeningdetected celiac cases compared with our previously reported results from symptomatic celiac children with untreated disease and healthy controls (6). The SCFA pattern was similar in screening-detected CD cases to children with untreated, symptomatic disease apart from acetic acid and i-caproic acid, which were significantly higher in the screening-detected children (p<0.05).
DISCUSSION
In the present study we found that the fecal SCFA pattern in children with untreated, screening-detected, asymptomatic CD differed significantly from healthy reference children. This finding corresponds to our previously published results with significant differences between children with untreated, symptomatic CD and healthy controls (6) . These results could indicate that children with asymptomatic and symptomatic CD have a common "celiacogenic" gut microflora, which differs from that in healthy children.
Furthermore, celiac children on gluten-free diet still have the same SCFA pattern as do children with untreated CD (6). An aberrant gut flora in patients with CD might thus reflect a genuine phenomenon of CD that is not affected by diet, gut inflammation or the autoimmune status of the patient.
We recently reported striking differences in some microflora-associated characteristics seen in fecal samples from non-celiac, first-degree relatives of celiac children compared to healthy adults (12) . The pattern of microfloraassociated characteristics in non-celiac relatives also differed from that in the celiacs. One hypothesis is that non-celiac relatives have a different gut microflora compared to their celiac family members, a "celiacoprotective" gut microflora, thereby protecting them from developing CD.
The mean age of the untreated, screening-detected celiac children in the present study was 12 years. The untreated symptomatic celiac children and the children in the control group were younger. However, we consider the age difference between the groups studied to be of minor importance since it has been shown that children have already established their permanent gut microflora by 2 yearsof-age (13) . Furthermore, we have reported that the SCFA pattern does not differ significantly in celiac children less than 6 years-of-age compared to those between 6 and 10 (6).
Most children with screening-detected CD consider themselves to be symptomfree, at least until they experience improvement after introduction of GFD (14) .
Symptom-free, screening-detected celiac patients, who do not experience improvement on GFD, cannot be classified according to the ESPGHAN, NASPGHAN or AGA criteria, which require clinical improvement on GFD (2-4). Thus, the definition of screening-identified CD remains a problem (15) .
Moreover, celiac individuals identified at screening cannot be expected to comply with a life-long GFD as well as symptomatic cases (16). We do not know for sure that screening-identified cases of CD run the same risk for longterm complications as do symptomatic cases (1, 17) . It might even be that the pathogenesis of clinically identified CD differs from that of screening-detected disease. However, the results of the present study indicate that screening-detected CD and symptomatic CD share a common pathogenic feature regarding the metabolic function of the gut flora.
CD is still an under-diagnosed chronic disease (18) and many undiagnosed cases can only be detected by screening. The present study suggests that a common pathogenic mechanism may operate in symptomatic and silent CD. If this is confirmed in other studies, individuals with untreated silent CD may be exposed to the same risk for long-term complications as celiacs with symptomatic disease (1, 17, 18) . This is an argument in favour of a mass-screening for CD in children (19) (20) (21) , although many aspects of widespread screening must be considered (15, 22) . There were 15 children with untreated, screening-detected CD, 36 children with untreated, symptomatic CD and 42 healthy control children. Untreated children delivered fecal samples on 1 occasion, healthy controls on 1 -4 occasions. SCFA = short chain fatty acid; CD = celiac disease; n = number of fecal samples analyzed. § Results are presented as Mean (mmol/kg feces), No. of samples, (SD). Significant difference versus healthy controls: *p<0.05; **p<0.01; ***p<0.001.
